INTRODUCTION
Abundances of strontium, sodium, potassium, magnesium, manganese, and iron relative to the carbonate fraction were measured in 90 samples from Hole 400A. The age of the samples ranges from Aptian to Pleistocene. After crushing and washing in distilled water to eliminate pollution by sea water, the rocks were dissolved in acetic acid. Trace element analysis was carried out by atomic absorption according to the method described by Blanc (1971, 1972) . X-ray diffraction methods reveal a constant carbonate mineralogy, i.e., low magnesian calcite. Oxygen and carbon isotope techniques are described by Létolle et al. (this volume) . Results are summarized in Table 1 .
RELATIONSHIP BETWEEN CONTENTS OF TRACE ELEMENTS AND INSOLUBLE RESIDUE
In this hole, in some zones such as the Eocene and Aptian, the percentage of carbonates is low (Figure 1 ). In using low-carbonate samples, great caution was exercised to assure that pollution was not introduced by flushing out the insoluble residue (i.e., interlayer cations in clay minerals).
Strontium concentrations in samples of Pleistocene to Oligocene age do not show any correlation with the insoluble proportion ( Figure 2a ). However, correlation appears in the pre-Oligocene sediments (see later explanation); results on carbonates from samples where the insoluble proportion is greater than 60 per cent are unreliable. A strong correlation is observed between the concentrations of sodium (Figure 2e ), potassium (Figure 2f) , and magnesium ( Figure 2b ) and the insoluble residue. These elements cannot therefore be used as geotechnical indicators because their variations are hidden by the non-carbonate phase pollution. For manganese (Figure 2c ) there is no correlation, whereas for iron a more complex situation exists ( Figure 2d) ; there is no correlation except in samples of Pleistocene and Aptian age (see later explanation).
STRONTIUM AND OXYGEN ISOTOPES
The distribution of strontium concentrations (Figure 3 ) is homogeneous throughout the Miocene sediments (average 1773 ppm) and in early Pliocene sediments (average 1778 ppm) showing the relative stability of the oceanic environment and the climate. During Pleistocene time, the concentration became lower (average 1536 ppm) and extremely variable, indicating deterioration of the climate. This alternation of high and low strontium content in the Pleistocene suggests a relationship to glacial and interglacial stages which cannot be better defined due to the small number of samples available for study.
From the Oligocene stratigraphically downwards, and particularly in the Eocene sediments, a continuous reduction in the amount of strontium is observed (only samples with more than 40 per cent of carbonate were used) (see Table  2 ).
This reduction is due to increasing diagenesis with depth in the hole, which has already been observed on Leg 44 and Leg 47B (Renard et al., 1978) . It appears that the strontium lost during the carbonate dissolution was trapped rapidly by clay minerals. Indeed, the correlation between the amounts of strontium and the "insoluble proportion" appears only downward from the Oligocene interval, that is, when carbonate diagenesis becomes important.
The strontium concentration in the carbonate phase thus results from two phenomena: (1) syn-sedimentary processes (variation of strontium content due to environmental changes, climatic modifications, etc. . .), and (2) diagenetic processes.
Although the variations observed at the Oligocene/ Miocene boundary at this site may result from either of these two causes, the combined study of variations in amounts of strontium and the composition of oxygen isotopes in the carbonates enables this ambiguity to be removed.
For Pleistocene to Miocene values ( Figure 4 ) there is a negative and strong correlation: (Correlation coeff. r = -0.6288; Student-Fisher test t = 4.24, although the value of t at a risk 0.001 for 36 samples is 3.646 > t > 3.551).
For the samples from Aptian to Oligocene the positive correlation is also strong 1 , (r = 0.8698, t = 5.53 the value of t at a risk 0.001 for 19 samples being 3.992). For each group of samples a regression line of x/y and y/x has been drawn ( Figure 4) as have correlation lines (droite inversible) whose equations are written: 'Recently Veizer (1977) found the same positive correlations between strontium contents and δ 18 θ values for pre-Quaternary carbonates of various ages and locations. This correlation determines the approximate boundary between syn-sedimentary and diagenetic phenomena which occurs at the point where the correlation is reversed, that is between the Miocene and the Oligocene.
MANGANESE
The distribution of manganese content ( Figure 5) shows two zones to be particularly rich: late Albian, and Eocene to early Miocene (but particularly the Eocene).
The amount of manganese in the carbonate depends in main on two factors: (1) the oxidation-reduction conditions of the environment (Michard, 1969) and (2) the manganese concentrations in seawater. In a reducing medium, manganese co-precipitates with carbonates to produce manganese-poor carbonate. In an oxidizing medium, manganese dioxide precipitates to produce manganese-rich carbonate. With regard to the question of the origin of supply, manganese can come from either the erosion of continental material or submarine volcanism -either directly by hydrothermal solutions (Böstrom and Peterson, 1966) or indirectly by leaching of newly extruded basalt (Corliss, 1970) . A comprehensive bibliography can be found in Cronan (1974) .
At Hole 400A, there is no relationship between the detrital clay mineral content and the amount of manganese (Figure 2c) , and it is therefore concluded that the manganese probably originated from submarine volcanism. It follows that there were two principal periods of volcanic activity near this area, the first in late Albian and the second in the Eocene (Albian volcanism is described in a following chapter). The influence of Eocene volcanism seems to be fairly general: traces of it occur in Site 398C of Leg 47B (Renard and Létolle, in press ). The exact location of the volcanism lies probably in the north, perhaps from the Reykjanes Ridge, because, at Rockall Plateau, Eocene volcanic tuffs were found at Sites 403 and 404 (see Harrison, this volume). However, manganese contents in the carbonate fraction cannot be explained by only one cause; it appears that oxidation-reduction conditions also play a role. For instance, a rather positive correlation is observed between the amounts of manganese and the carbon isotope composition of carbonate ( Figure 6 ). The correlation coefficient r is equal to 0.3654 and the t value is 2.7895 (the value of t for this case being <3.551 at the risk 0.001 and <2.704 at the risk 0.01). Regression lines of x/y and y/x and also the correlation line [Mn] ppm = 2872.13 δ 13 C-1605.98 are shown.
If the carbon isotope composition depends on the depth of formation of the carbonate (Duplessy, 1972) it may correspond approximately to the oxidation state of the environment. If this hypothesis holds true, the late Albian and Eocene are not only the periods when the manganese supply was at a maximum, but also when the environment was most suitable for manganese deposition. Supply and oxidation-reduction conditions are thus equally important. For example, during the early Albian although the environment was strongly oxidizing (δ 13 C between +2.5 and +3%), the amount of manganese remained less than 1000 ppm because supplies were lower. 
IRON
The distribution curve of iron concentrations (Figure 7 ) shows three enrichment zones, late Albian, late Miocene to early Pliocene, and Pleistocene; a particularly poor episode occurred between Paleocene and Oligocene time.
The problem of the origin and supply of iron is similar to that of manganese. In Mio-Pliocene and Pleistocene times iron came from continental erosion; during these two periods there is a strong correlation between the amount of iron and the clay mineral content which is not observed for the Albian (Figure 2d ). Because the solubility products of iron oxides and manganese oxides are very different, their precipitation together is prohibited. Figure 8 shows that iron-rich samples are low in manganese content and vice-versa. Thus, it is possible to distinguish iron-rich samples characteristic of continental supply (of Pleistocene and late Miocene to early Pliocene age) from manganese-rich samples, characteristic of volcanic origin (Paleocene to Oligocene age).
The late Albian samples which are enriched in both iron and manganese remain a problem. Possible origins of iron and manganese oxide-rich sediments have been summarized by Cronan (1974) , who concluded that these sediments appear to be a common feature associated with the generation of new ocean floor. If that conclusion is correct, then, in the late Albian, Hole 400A was near to the iron and manganese source which was volcanic. This indicates that an important hydrothermal (or volcanic) event occurred in the late Albian, probably related to the opening of the Bay of Biscay. If the actual opening did not occur in late Albian time, then at least it was a very active period in its opening history; geophysical data (Williams, 1975) supports this contention.
In summary, we propose that during late Albian time Hole 400A was close to a volcanic source and received supplies of both iron and manganese. Later, in Eocene time, the site was further removed from the volcanic source and received only manganese. Either the site was removed from the vicinity of the Albian source, or the source was transferred to a more distant location as, for example, the Reykjanes Ridge.
The possibility exists that, as in the case of manganese, oxidation-reduction conditions played an important role in iron deposition. Correlation between amounts of iron and the composition of carbon isotopes in the carbonates is poor ( Figure 9 ); calculation shows that r=O. 1103 and r=O.8861. Iron concentrations would therefore be less sensitive than the manganese ones to oxidation-reduction conditions. Such a conclusion must be moderated because (1) the iron is volcanic in origin for the Albian and of continental origin for the Mio-Pleistocene (which may suggest its transport to the basin in the form of micro particles associated with clay-minerals; (2) the range in iron content is smaller than for manganese, which reduces the weighting in statistical calculations.
A better way of examining the problem is to study the correlation between the sum of amounts of iron and manganese and the carbon isotope composition of the carbonate. The correlation (Figure 10) 
